Conservative estimates suggest that 50-90% of the existing insect species on Earth have still to be discovered, yet the named insects alone comprise more than half of all known species of organism. With such poor baseline knowledge, monitoring change in insect diversity poses a formidable challenge to scientists and most attempts to generalize involve large extrapolations from a few wellstudied taxa. Butterflies are often the only group for which accurate measures of change can be obtained. Four schemes, used successfully to assess change in British butterflies, that are increasingly being applied across the world are described: Red Data Books (RDB) list the best judgements of experts of the conservation status of species in their field of expertise; mapping schemes plot the changing distributions of species at scales of 1-100 km 2 ; transect monitoring schemes generate time series of changes in abundance in sample populations of species on fixed sites across the UK; and occasional surveys measure the number, boundaries and size of all populations of a (usually RDB) species at intervals of 10-30 years. All schemes describe consistent patterns of change, but if they are to be more generally useful, it is important to understand how well butterflies are representative of other taxa. Comparisons with similarly measured changes in native bird and plant species suggest that butterflies have declined more rapidly that these other groups in Britain; it should soon be possible to test whether this pattern exists elsewhere. It is also demonstrated that extinction rates in British butterflies are similar to those in a range of other insect groups over 100 years once recording bias is accounted for, although probably lower than in aquatic or parasitic taxa. It is concluded that butterflies represent adequate indicators of change for many terrestrial insect groups, but recommended that similar schemes be extended to other popular groups, especially dragonflies, bumblebees, hoverflies and ants. Given institutional backing, similar projects could be employed internationally and standardized. Finally, a range of schemes designed to monitor change in communities of aquatic macro-invertebrates is described. Although designed to use invertebrates as a bio-indicator of water quality for human use, these programmes could be extended to monitor the 2010 biodiversity targets of the World Summit on Sustainable Development.
INTRODUCTION
Insects pose an obstacle to the development of a scientifically rigorous process for reporting against the World Summit on Sustainable Development's 2010 target to strive for 'a significant reduction in the current rate of loss of biological diversity'. As at an earlier Royal Society Discussion Meeting, Estimating Extinction Rates , entomological knowledge lags far behind that achieved for assessments of change in vertebrates and plants, or for major ecosystems such as coral reefs and rain forests (Bibby 1994; Coope 1994; Ehrlich 1994; Mace 1994; Thomas & Morris 1994 May et al. 1995; Pimm et al. 1994) . Nevertheless, information about the scale and patterns of insect decline has advanced substantially during the past decade, particularly in developed countries, owing to a series of recording and monitoring schemes which, although mainly developed 20-30 years ago (Thomas 1984; Master et al. 2000; Wright et al. 2000) , have only recently yielded decisive results. A parallel advance in empirical knowledge about the processes driving change in insect population dynamics (e.g. Dempster & Pollard 1981; Dempster & McLean 1998; Godfray & Mű ller 1998; Hanski 1998 Hanski , 1999 Hassell 1998a; Murdoch et al. 1998; Thomas et al. 1999a Thomas et al. ,b, 2001a Roy et al. 2001; Warren et al. 2001; Bourn & Thomas 2002 ) plus assessments of the extent to which well-studied groups of insect are representative of obscure ones (Thomas & Morris 1995; Hambler & Speight 1996 McKinney 1999; , complement many theories (May 1974; Godfray & Hassell 1987 , 1992 Gaston 1991; Lawton 1995; Hassell 1998a,b) and today represent an additional, indirect method of measuring change.
Here I seek to describe and evaluate the main tools currently available to entomologists to assess change in insects and other terrestrial and freshwater invertebrates; I also analyse the extent to which change in butterflies (which are often the most-or only-practical insect group to study across the world) are representative of other terrestrial invertebrates, and suggest how current monitoring and mapping schemes might be improved to meet 2010 targets.
Insects are difficult to study because they represent the most species-rich, yet one of the least known, of all taxa of living organisms, a problem that is compounded by a dearth of skilled entomologists. Although the number of described insect species is uncertain due to synonyms and the lack of a global list, most authorities recognize 900 000-1 000 000 named morpho-species, representing 56% of all species known on Earth (Groombridge 1992; Anon. 2003) . Sensible estimates of the number of insects yet to be discovered range from another 1 million to 30 million species (Erwin 1982 (Erwin , 1991 , although most predict around 2-8 million more species (May 1990; Gaston 1991; Stork 1997; Ødegaard 2000) . Thus, insects lie in the zone of maximum species richness when biodiversity is related to body size (May 1988; Gaston & Lawton 1988; Finlay 2004 ): larger species are fewer due to their comparatively wide niches, the greater resources they need and the active mobility of many of them, whereas free-living organisms smaller than 1 mm 3 experience such rapid passive transportation and mixing by wind and currents that speciation through geographical (as opposed to niche) isolation is prevented (Finlay 2002 (Finlay , 2004 .
Apart from the few trans-continental migrants, the majority of studied insect species form small, localized populations, typically occupying narrow specialized niches in patches less than 2 ha in size and so sedentary that distances of 1 m-1 km of 'non-habitat' may pose a major barrier to dispersal (Thomas 1991; Thomas et al. 2005) . It follows that many meta-populations of insects are so geographically isolated within each species' range that regional adaptations to, and coevolution with, their local communities is commonplace, resulting in regional sets of functionally distinct subspecific forms (Thompson 1994) , including, many believe, local evolution into separate sibling species over short distances, especially among insects with parasitic lifestyles (Elmes et al. 1999; Schö nrogge et al. 2002; Thomas et al. in press) . Too little is known about the incidence of cryptic species or subspecific variation in insects for this to be considered for the 2010 target, and hereafter I describe the monitoring of described, morphologically distinct species (morpho-species). This is challenging enough: for example, most known morpho-species of insect are tropical Coleoptera and, of those named to date, about 40% are known from a single site and many from a single specimen (Anon. 2003) . This, with the fact that probably 30-90% of the world's insect species have yet to be discovered, means that monitoring efforts inevitably depend much on extrapolations from subsets of the better known groups, especially butterflies, and typically from regions such as Europe, North America and Japan, where entomological interest is high.
Four complementary approaches (Red Data Books (RDBs), atlases, time-series and absolute population censuses) have been developed to assess change in butterflies, most originating in the UK. Although some have been applied to other insect taxa, the usefulness of each has been tested most thoroughly on butterflies, especially the British fauna, on which the next four sections focus. In addition, a separate approach of sampling freshwater invertebrates has been developed across Europe (Wright 1994; Alba-Tercedor & Pujante 2000; Johnson & Goedkoop 2000; Verdonschot & Nijboer 2000) , Australia (Davies 2000; Simpson & Norris 2000) , Canada (Rosenberg et al. 2000) and the USA . It employs community richness, usually at the family level, as a predictive technique for evaluating the ecological status of freshwater rivers and lakes. Although primarily designed to assess annual variation in water quality for human use (Wright et al. 2000 and papers therein) , it provides an infrastructure that could be extended to monitor changes in biodiversity per se (Wright et al. 1993) .
INSECT RED DATA BOOKS
Compiling a RDB is usually the first, and often only, assessment of change in insects for most regions or groups. However, it is important to realize that the many RDBs for invertebrates (e.g. IUCN 1983; Shirt 1987) contain major uncertainties compared with those for vertebrates and plants and cannot reliably be used for the sophisticated analyses of change employed for reptiles, birds and mammals (e.g. Mace 1995) without major correction for bias and recorder effort (McKinney 1999; . For example, the insect fauna of the UK are better studied than any other comparable area in the world (Bratton 1991; Collins & Thomas 1991; Ehrlich 1994 ) and the British RDBinsects was exceptionally thorough, being based on the recommendations of 95 experts who, over a 5 year period, reviewed their specialist insect groups (apart from Microlepidoptera, Hymenoptera Parasitica and some Diptera) using the then IUCN classifications and guidelines. Their recommendations were submitted to a small RDB selection panel, which aimed for consistency across taxa and, with the agreement of each expert, certain species were reclassified. Nevertheless, as a member of that group, I and colleagues (Thomas & Morris 1995) consider that several of the subsequent analyses that were made using the published list are invalid due to major differences in knowledge between the groups (e.g. §5).
Despite their shortcomings, RDBs of insects may be useful in identifying the types of ecosystem-and types of habitat within ecosystems-that most support threatened insects (see figure 8), and they often provide an invaluable foundation for setting conservation priorities. They fall well short of providing a scientifically rigorous process for reporting against the 2010 target and, ideally, should represent the end product of other monitoring schemes rather than their foundation.
ATLASES (a) UK mapping schemes
For some insect taxa in certain nations, the mapping of species' changing distributions has advanced usefully from the days when maps represented little more than recorder distribution. The most comprehensive examples provide sensitive measures not only of changing distributions and range sizes (Parmesan et al. 1999 ) but can be used as surrogates for population censuses (Asher et al. 2001; Warren et al. 2001; . Again, the UK system, overseen by the Biological Records Centre (BRC), is the most complete and longest-running in the world and its methodologies-which were derived from the successful plant (Perring & Walters 1962; Preston et al. 2002) and bird projects (Sharrock 1976; Gibbons et al. 1993 )-have been widely adopted in other nations.
Reviews of the history of biological recording in Britain are given by Harding (1991a Harding ( ,b, 1995 and by Burnett et al. (1995) . Details of the 39 current UK recording schemes designed to map the changing distributions of invertebrate groups are found on the BRC website (www.brc.ac.uk): they include annelids, ticks, arachnids, woodlice, non-marine molluscs, centipedes and millipedes, flatworms, beetles (16 groups), flies (18 groups), mayflies, bugs, hymenoptera (aculeates and sawflies only), lacewings and allies, dragonflies, grasshoppers and allies, fleas, caddis flies and butterflies and moths (table 1) . Practical information on each scheme includes contacts of local organizers for different taxa, instructions for recording, standardized recording forms and procedures for quality control and the transfer and storage of data, including the use of different software programmes.
(b) Case study of two surveys of British butterfly distributions The two completed British butterfly mapping projects differ from other schemes only in their intensity of recording and illustrate the usefulness both of mapping species' distributions to fine detail and of repeating this exercise after an interval, in this case, of two decades. The methodologies and organization of each scheme are described by Heath et al. (1984) and by Asher et al. (2001) and are but briefly summarized here. Both projects aimed to achieve complete recording of the presence or absence of every butterfly species in each of the 2861 ten kilometre (10 km!10 km) grid squares of Britain. Field data were collected in 1970-1982 and 1995-1999 : the large majority of records were submitted by volunteer amateur recorders on a standardized record card for each site visited. The first survey was organized by BRC's John Heath, who mobilized entomologists throughout the nation to submit records centrally or via regional organizers and local societies: the second was organized by the Butterfly Conservation society (BC) through its network of regional branches. After solving incompatibilities in software, they also caught data from the numerous local mapping schemes established in the 1980s and 1990s at the scale of individual counties (Harding & Sheail 1992) . In both surveys, there was strict quality control in the accuracy of identification and recording of species and localities, involving about 70 expert (mainly amateur) regional coordinators across the country. Recording was initially undirected, but under-recorded 'squares' were targeted in the second half of each survey.
Volunteers were encouraged to record at the scale of the individual 1 km!1 km (1 km) squares of the national grid or smaller, but for most northern species, useful distribution maps were achieved only at the scale of 10 km squares (figure 1a). In this respect, the 10 000 recorders of the second survey achieved greater success than the ca 1500 recorders of the first survey, with 93% of records reported at 1 km 2 or finer resolutions compared with 51% submitted in [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] ; the number of sightings of each species per visit was also recorded in (Asher et al. 2001 . Altogether, the volunteer recorders submitted 65 826 and 437 690 separate record cards (representing ca 2.1 million species records) in the two surveys, and sampled 98.0% and 99.6% of British 10 km grid squares: more than 90% of the missing 2% of squares in the first survey were in biodiversity 'cold-spots' of Scotland within the ranges of just six species . The first Atlas of Butterflies in Britain and Ireland (Heath et al. 1984 ) achieved greater cover than had previously been thought possible for any taxon of insects at the scale of a (228 073 km 2 ) nation (Ehrlich 1994) . Although the older historical records were very patchy compared with the near-complete 1970-1982 field survey, the maps suggested that about 70% of UK butterfly species had experienced losses as measured by their occupancy of 10 km squares during the twentieth century (Thomas 1984 (Thomas , 1991 , even though several species had-in some cases simultaneously-experienced substantial northwards expansions of their historical range boundaries in recent decades (Pollard & Yates 1993) . The role of climate change as one of the drivers of species' range changes was suggested by Parmesan et al. (1999) , who analysed mapping schemes from the UK, Sweden, Finland, Estonia, southeast France, Catalonia, Algeria, Tunisia and Morocco. They showed that, in a sample of 35 non-migratory species, 63% had ranges that had shifted 33-240 km northwards along their northern and/or southern boundaries, coinciding with warmer summers, whereas only one species had shifted south.
The second 'Millenium' atlas of British butterflies (Asher et al. 2001 ) allowed the first quantitative comparisons of change to be made between the results of repeat surveys for an insect. Although the second (1995) (1996) (1997) (1998) (1999) survey achieved a 6.6-fold higher level of recorders and recording than in the first (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) , the number of record cards submitted per recorder was the same (43.8 and 43.9 cards per recorder, respectively) and accumulation curves generated by subsampling the second survey's dataset revealed substantial redundancy (for analyses assuming 10 km square occupancy) in the number of records submitted for most regions in 1995-1999 (table 1). To achieve the most accurate comparisons between the two datasets, Warren et al. (2001) employed a subsampling routine to correct for the difference in recorder effort: the 1995-1999 data were sampled 30 times by randomly selecting the 1970-1982 number of record cards from the same 1995-1999 data, subsampling separately for each 100 km Ordnance Survey grid square to retain the broad geographical distribution pattern of the 1970-1982 recording effort. Results were robust when reanalysed using different subsampling regimes, including ratios of record cards per 10 km square, the number (Heath et al. 1984 (Asher et al. 2001 ) distributions of Boloria euphrosyne, which showed the sixth (10-percentile) greatest loss of 10 km squares for a species and Polygonia c-album which experienced the fourth (7-percentile) greatest increase between surveys. Time series of mean population size of each species on sites monitored over the same period by the BMS are shown below. (b) The correlation between 20 year trends in the population indexes of the 27 butterfly species most reliably monitored by the BMS and changes in their ranges expressed as the difference in total occupancy of 10 km squares by each species between the two mapping surveys (from Warren et al. 2001). of records rather than of cards submitted, and when distribution change was measured as the square root in area (in square kilometres) rather than as proportional change. For 43 (74% of) species, subsampling results were further validated by comparison with independent measures of species' population changes over this period .
The existence of a comparable pair of datasets of species' distributions after a 20 year interval suggests that atlases can be used to monitor change in certain insects for the 2010 target. For example, Warren et al. (2001) used differences in the number of 10 km squares occupied by each species between the two surveys to measure the comparative loss or gain of status by different types of species. Although Cowley et al. (1999) showed that this coarse-grained (10 km scale) sampling may underemphasize more local changes in status, we used the time series of population change generated by the UK Butterfly Monitoring Scheme ( §4) for the same species over the same interval to show that range changes expressed at the 10 km scale were correlated with trends in the mean size of individual populations of each butterfly (figure 1b from Warren et al. 2001) . This relationship is predicted in theory (Brown 1984; Gaston & Lawton 1988; Lawton 1995) but the closeness of the correlation between mapping and monitoring scheme results is reassuring, and allows range changes (figure 1a) to be considered as a surrogate for abundance, making each survey effectively a population census .
A side effect of mapping and monitoring schemes is that a growing number of volunteers grow to enjoy recording in the field (Pollard & Yates 1993) ; indeed, in one mapping project, the largest number of records received arrived unsolicited for the year after the project had ended (Thomas et al. 1998b )! Given central institutional support and funding to scrutinize and process the data (ca £150 000 is required a year to run UK insect mapping schemes), it is thus a comparatively simple task to organize repeat surveys: the challenge is in launching the first one. Thus, Butterfly Conservation has embarked upon repeat surveys of similar cover to that achieved in 1995-1999 (Asher et al. 2001 -2009 (Anon. 2004 R. Fox, personal communication) . If successful, the sequence of four atlases should provide the rigorous process required for British butterflies for reporting against the 2010 target. However, already the two completed measurements of species' distributions, when combined with other datasets, provide insights about the drivers and sensitivity of insects to environmental change. Two examples will suffice: Only half of those species (e.g. Polygonia c-album, figure 1a) that were both mobile and habitat generalists increased their distribution sizes over this period, consistent with a climate explanation; whereas the other less mobile generalists and 89% of the habitat specialists (e.g. Boloria euphrosyne, figure 1a ) declined in distribution size, consistent with habitat limitation. Warren et al. (2001) conclude that, in future, the dual forces of habitat modification and climate change are likely to cause specialists to decline, leaving biological communities increasingly depauperate and dominated by mobile and widespread habitat generalists.
(ii) At the first Royal Society Discussion Meeting on Estimating Extinction Rates , the key entomological debate was whether 'recent' extinction rates among insect species matched the well-recorded losses of other groups. On the one hand, the reported extinction rates of both historical and sub-fossil (Quaternary) species of insect were 2-3 orders of magnitude lower than those known for vertebrates and certain plant taxa (Coope 1994; May et al. 1995) ; on the other hand, historical losses of butterflies and dragonflies, recorded at the scale of populations and metapopulations, were significantly higher than those of vascular plants, birds, amphibia, reptiles and mammals in the same sites and landscapes (Thomas & Morris 1994) . One hypothesis was that insects had experienced comparable rates of extinction to higher taxa but, due to low levels of early recording, the rarer species, which were also the most extinction-prone, had been overlooked and were missing from the base-line lists ). The alternative theory was that insect populations were more dynamic than vertebrates at the local level, and underwent rapid extinctions and colonizations of individual sites and landscapes while persisting as species at a larger scale (Coope 1994 ).
The publication of twin atlases not only of butterflies but also of changing bird and plant distributions, surveyed to the same 10 km scale over a similar period in Britain, permitted the first direct comparison to be made of regional extinctions in these three groups across a (national) landmass that was, in this case, about four orders of magnitude greater than the area occupied by a typical meta-population of a British butterfly (Thomas 1995; . We found that butterflies experienced greater net losses than plants or birds at this scale, disappearing on average from 13% of their previously occupied 10 km squares (figure 2). We concluded that past insect losses had been underestimated because the most threatened (rare) species had been overlooked in baseline lists §5d) , and, applying Pimm et al.'s (1995) 'cookiecutter model', we tentatively suggested that, if insects elsewhere in the world had similar levels of sensitivity to the British butterflies, the known global extinction rates of vertebrate and plant species have an unrecorded parallel among the invertebrates, strengthening the hypothesis that the natural world may be approaching the sixth major extinction event in its history ).
(c) Other insect mapping schemes Many schemes for butterflies similar to that described for Britain have been initiated elsewhere, especially in Europe, where several national atlases have been published (van Swaay & Warren 2003) , some matching the recording effort and cover achieved by the first British atlas. Good examples include atlases for Switzerland (Geiger 1987) , the Netherlands (Tax 1989) , Denmark (Stoltze 1996) , the Czech Republic (Beneš & Konvička 2002) and Flanders (Maes & Van Dyck 1999) . However, since none has achieved a comparable repeat survey of distributions, these are unlikely to achieve the objective of rigorously measuring change by 2010.
Mapping of other invertebrates in Britain also lags too far behind that of butterflies to fulfil the 2010 target. Nevertheless, realistic baseline maps are possible for several groups (see figure 9) , and the level of recording in some suggests that the required cover for useful comparison will eventually be achieved through volunteer efforts (table 1) . If UK entomologists continue to follow the lead of botanists, of whom only 1500 recorders made the 9 million records (ca 6000 per species) submitted for the recent atlas of 1254 native species of plant (Preston et al. 2002) , recording levels adequate for quantitative analysis are surely attainable for the smaller, more popular groups (table 1); for example, more than 1500 recorders have already submitted records of Odonata (H. Arnold, personal communication). No precise analysis has been made of the intensity of recording needed to make direct comparisons between sequential mapping surveys of the same group, but the cover achieved for birds and plants of roughly twice as many records per species as the number of 10 km squares being surveyed (2861 in Britain)-or six times the occupancy of squares by the species of median range-size in each taxon-was adequate (see 'Supplementary Information' in ) and is perhaps a useful guide (table 1) . By these criteria, the first survey of butterflies fell short by about 25%, the second butterfly survey captured five times more records than were required (for 10 km scale analyses) and those of dragonflies, spiders and hoverflies need about two to three times their current cover (table 1) .
TIME-SERIES AND ABSOLUTE POPULATION ESTIMATES (a) Time-series
A more sensitive approach than mapping distributions is to monitor trends in population sizes of species over time. At least three schemes exist in the UK that have sampled annually at fixed sites for more than 25 years, measuring aphids, macro-moths and butterflies. The first, involving standard 12.2 m high suction traps run by the Biotechnology & Biological Sciences Research Council's Rothamsted Insect Survey since 1965, is primarily designed to monitor pest species of aphid: its usefulness to measure change in rarer species for biodiversity conservation is constrained by the small number of sampling points, 16 in Britain and a further 57 in 18 other European counties (Denholm et al. 2001) .
The Rothamsted moth survey began in 1965 and annually samples about 100 sites across Britain using a standard Rothamsted Light Trap (Denholm et al. 2001). Staffed mainly by volunteers, it collates daily catches of macro-moths. The assumption that variation in the numbers trapped measures change in absolute population size has been confirmed for only a few species (Raimondo et al. 2003) but is expected to be valid. This scheme is currently used mainly to measure other aspects of Lepidoptera ecology, such as phenological responses to climate change, for which it is sensitive (Sparks et al. 2001) , although it has recently been extended to estimate rates of decline in some widespread species (Conrad et al. in press) . Similar schemes are run in Ireland and France and clearly have the potential to provide a rigorous process for reporting against the 2010 summit.
The third scheme, which monitors butterfly abundance, has been thoroughly tested and has been successfully applied to monitor other day-flying insect groups. It is therefore described in greater detail here. The method depends on standardized transect counts of adult butterflies (Pollard et al. 1975; Pollard & Yates 1993) and is summarized in figure 3 in the simplified form used to instruct volunteer recorders. First, a representative biotope (Brereton et al. 2003 ) is selected for long-term monitoring and a fixed transect route is chosen, typically stratified into up to 15 sections to subsample major variations in habitat or management. This route is walked at least once a week from 1 April to 29 September (in the UK) under defined conditions of weather, time of day, etc., when adult butterflies are active, and every sighting of each species made in an imaginary 5 m!5 m!5 m box is counted in each section. At the end of the year, the mean weekly counts are summed for each species to provide an index of abundance for each generation. Similar data from other sites are collated centrally to produce a regional or national index of abundance for each species, and these in turn generate a time-series of population change when counts are repeated on the same sites in successive years (figures 1a, 5 and 6). Pollard et al.'s (1975) method was not the first attempt to use transect counts to monitor abundance in butterflies (e.g. Moore 1975 ), but it differed in that strict standardized criteria were defined for the conditions under which recording was permitted and because these and other assumptions were tested in the field. Full details of methodology, the launch of a national Butterfly Monitoring Scheme (BMS), the treatment of data from sites with very large or very small numbers of a species to avoid bias in the collated index, the incorporation of new sites or those that drop out of the scheme, the detection of significant trends in species abundance and many of the tests used to validate the method are described in detail by Pollard et al. (1975) , Pollard (1977 Pollard ( , 1979 , Thomas (1983a) , Pollard & Yates (1993) , and Moss & Pollard (1993) . Only a few key assumptions are considered here (figure 4). For example, we found that recorder effects were negligible (e.g. figure 4a , Pollard et al. 1975) in comparison to the size of differences being compared within species, which typically fluctuated by up to one order of magnitude from generation to generation on the same site due to weather variation (Thomas et al. 1998a ) and which varied in density by up to three orders of magnitude between sites or on the same site over the longer term, reflecting differences or change in the quality of source habitat from optimal to suboptimal sites (e.g. figure 4b ; Thomas 1983a Thomas ,b, 1984 . Crucially, we found that simultaneous estimates of the absolute size of populations measured by (time-consuming) MRR techniques and transect counts were closely correlated for the wide range of species tested: the example shown in figure 4b tests an application of the technique to standardize counts from different sites during surveys ( §4b; Thomas 1983a) but the same principle applies. Figure 4b also tests the assumption that individuals of a species are equally visible in poor and optimum habitat: four sites are shown supporting M. cinxia populations that vary in density by 20 to 30-fold on the peak day, representing the full range in quality of source habitat for this species in Britain; but two sites were also sampled four times during the emergence, when the habitat may be considered constant but the density of adults was very different. In this and other species, the correlation between absolute population size and transect index is no closer for within-site comparisons than it is between sites. Pollard et al.'s (1975) method measures relative changes in population sizes within an individual species and is applicable to all the British butterfly species apart from the 2-3 inhabitants of woodland canopies. It is important to note that the absolute index values for different species on the same site are not directly comparable without correction for variation in interspecific differences in behaviour and hence visibility. In addition, each sample (transect) differs from the better known bird monitoring schemes in two respects. (i) Due to the relative immobility and small patch size of about 75% of butterfly species (Thomas 1984) , each transect samples one (or more) entire 'closed' populations of most species in the biotope, rather than a small part of an extended or open population. (ii) British butterflies are short-lived with one or two emergences a year; in most species, annual indexes reflect changes in numbers between discrete generations.
A national BMS was launched in 1976, organized by Ernie Pollard at ITE's (now CEH) Monks Wood laboratory. Twenty-eight years later (Z28 or 56 generations of each butterfly species), it coordinates the records of 134 long-term sites distributed quite evenly across the UK, but with a small bias to the south where butterfly species-richness is greatest (figure 9). As already noted, butterfly monitoring became so popular-and the results so clearly useful-that many independent recorders began their own 'Pollard walks' (as they are affectionately known), sampling sites of local interest. The surplus data were beyond the resources of the BMS data management and unnecessary to achieve that scheme's aims, but a separate booklet, Instructions for Independent Recorders, was written to achieve the same rigour of recording as in the BMS. In the 1990s, the burgeoning number of independent recorders was coordinated by BC and extended into an equally professional parallel monitoring scheme that sampled ca 450 sites in 2003
Phil. Trans. R. Soc. B (2005) (www.butterfly-conservation.org). Like the BMS, BC generate annual indexes of abundance and established a network of local coordinators to ensure quality control; BC also developed TRANSECT WALKER, a user-friendly software package that can be downloaded free from the BC website, which enables individual recorders to generate indices and graphs for their own sites.
The BC scheme has shorter time-series than the BMS (useful indexes start from ca 1985: figure 6c), samples four times the number of populations and is stratified to sample a higher proportion of southern sites: it therefore generates more reliable time-series for certain rare species due to the larger number of populations sampled. However, apart from the woodland sites, both schemes are currently biased in that about a third of transects sample biotopes that have some form of environmental protection, such as land in agri-environmental schemes, nature reserves, Sites of Special Scientific Interest (SSSIs) and national parks. It is important that 'protected' sites remain well recorded, for they support all the surviving populations of certain UK butterfly species and the majority of populations of several others (Thomas 1984 (Thomas , 1991 . In addition, BC is now establishing additional transects on more intensive 'ordinary' farmland in order better to monitor success in meeting 2010 targets in the UK as a whole (Brereton et al. 2003) . However, solving the current bias is less straightforward than was the case for breeding birds, for two reasons. (i) Because most butterflies live in small populations restricted to discrete patches of suitable habitat, intensive farmland is today almost bereft of butterflies to an extent that does not apply to birds, and the few species that are seen there are common and well recorded elsewhere (although the trends may differ), or those with open populations. (ii) It is less easy to persuade volunteers to make weekly transects, year after year, on land where they see a few individuals of a few common species.
Despite these problems, both monitoring schemes already contribute strongly to a scientifically rigorous process for reporting against the 2010 target, especially for the scarcer species that are largely confined to protected land. They also provide insights about the drivers of population change, ranging from weather effects and climate change (e.g. Pollard et al. 1997; Roy et al. 2001 ) to habitat degradation (e.g. Thomas 1983b ). Many other examples are summarized by Pollard & Yates (1993) . More relevant here is how easily can trends be detected in species or groups of species using transect indices? First, it should be noted that the populations of most butterfly species fluctuate considerably between generations, often synchronized over short to medium distances (Pollard 1991) , in response to variation in weather (Pollard 1988; Roy et al. 2001) . As theory predicts, fluctuations are amplified towards the climatic edges of species' ranges, making time series of longer than 15 years essential if underlying trends are to be detected (figure 5, . The 28 year and 19 year runs of the BMS and BC schemes are thus adequate. For example, the collated trends in specialist and generalist species of butterfly (see Pollard & Eversham 1995; Warren et al. 2001 for definitions) from the BMS show a marked divergence since 1976 (figure 6a), confirming a key result obtained from comparisons of the two butterfly atlases . In addition, grassland species showed an increasing population trend over 28 years, whereas woodland species declined (figure 6b), although note that most grassland sites were semi-natural farmed biotopes such as unimproved calcareous downland. Although warmer weather has played a role (Thomas, Bodsworth et al. 2001; Warren et al. 2001) , for many grassland species this encouraging increase results from targeted conservation management following knowledge gained of the ecological requirements of many species in the 1970s and 1980s (reviews: Thomas 1983a Thomas ,b, 1991 . Some extensive agri-environmental schemes have been particularly successful: the increase of Lysandra coridon, an indicator of high quality calcareous grassland, on targeted compared with other sites demonstrates the usefulness of the BC scheme for monitoring change (figure 6c).
In 2005, the two UK monitoring schemes will be integrated (subject to funding), then merged, and that part run by BC will expand to better monitor success in meeting government targets concerning the UK Biodiversity Action Plan (BAP), PSA (SSSI), agrienvironmental schemes and sustainable development (T. Brereton, personal communication). Each scheme represents outstanding value thanks to the ca 15 000 h free labour provided annually by ca 1500 skilled volunteer recorders; however, professional coordination is essential and the full cost of developing and running both schemes to meet future targets over the next 3 years is ca £200 000 a year (D. Roy & T. Brereton, personal communication) .
Successful BMSs using the same methodology have been established in the Netherlands (van Swaay et al. 2002) , Flanders, Finland and Catalonia, and uncoordinated annual transect recording is practised on many sites outside Europe, for example in Japan and the USA. Small-scale attempts to extend the method to bumblebees, hoverflies, dragonflies (R. Cox, personal communication) and parasitic Hymenoptera (Thomas, unpublished) appear promising but, apart from the Hymenoptera, have yet to be tested against independent measures of population size.
(b) Surveys of absolute population size The butterfly transect method, which records changing densities of species over time, was adapted (Thomas 1983a) to measure the absolute sizes of populations on different sites in a single year. The aim was to provide a simple method of identifying the total number, boundaries and size of every population of a scarce (especially BAP) species in the UK, as a whole or over a substantial part of its range, from a one-off survey in which most sites were visited only once (e.g. figure 7 ). The method (Thomas 1983a ) differs from BMS transects in four ways: the transect route takes a stratified sample of each population being measured, account is taken of the length of transect and the size of patch occupied by each population, and the new population size indexes for each species are calibrated from absolute measures of numbers made using MRR techniques on a few reference sites (figure 4b). I also suggested a formula for adjusting for the dates in the emergence when different sites were sampled, again using reference sites. This later proved unreliable and all surveys are now restricted to the peak two weeks of a species' emergence. Consequently, the results from each site can be assigned to only one of 4-5 broad classes of population sizes (figure 7), a level of precision that is nevertheless adequate to satisfy most conservation and scientific needs. This method is less intrusive that traditional MRR techniques of estimating absolute numbers and takes about one-fifth the amount of time per population (Thomas 1983a ).
Surveys encompassing all or the majority of a species' range have been made using this technique on more than 25% of the UK butterfly species to date, with repeat surveys being made at intervals of 10-20 years for six species. In future, BC aims to repeat full surveys of key declining (BAP) species every 3-5 years (N. A. D. Bourn, personal communication) . In addition to providing a near-complete description of a species' national status in a particular year, the results provided insights into the population structures of different species and showed that a single biotope island may support several demographically distinct populations of the same species (Thomas 1983b (Thomas , 1991 Thomas et al. 1999a,b) . This, in turn, enabled the distribution of individual populations within several meta-population to be identified with greater precision than previously, and was useful in assessing the importance of meta-population dynamics as a driver of observed species' changes (Thomas et al. 1992; Thomas et al. 2001b) .
HOW REPRESENTATIVE ARE BUTTERFLIES OF OTHER INSECTS? (a) Introduction
Despite the success of Brown's (1991 Brown's ( , 1996a pioneering use of a wider range of groups as indicators of biodiversity-richness and change ( §5d), butterflies are currently the only insect taxon that it is practical to monitor with precision in many parts of the world (e.g. Brown & Brown 1992; Ehrlich 1994) . Since, for the foreseeable future, they are likely to stay elevated to this role of 'miner's canary' (Attenborough 2001) or 'honorary birds' vis à vis insect extinction rates, it is important to examine how well butterflies represent change in other insects. Most experts conclude that butterflies are reasonable, albeit imperfect, representatives of other invertebrates (Ehrlich 1994; Master et al. 2000) . In contrast, Hambler & Speight (1996 use the listed extinctions of all taxa in the British RDB (Shirt 1987) to argue that butterflies have experienced amplified losses compared with other insects and that their use as indicators of general change is inappropriate, because 'butterflies (being mostly warmth-loving and herbivorous) are atypical invertebrates that are relatively sensitive to climatic fluctuations and thus give a potentially misleading guide to extinction rates and human impacts'. In §5d, I suggest that the first argument is flawed due to an artefact of past recording levels. First, I consider whether British butterflies are more sensitive than other invertebrates to environmental change due to their life-styles or to thermophily.
(b) Butterfly lifestyles
Being terrestrial in all stages of their life-cycle, butterflies are clearly inappropriate indicators of freshwater species, whose declines are believed to be substantially greater than those of terrestrial ones (e.g. Shirt 1987; Master et al. 2000) . They do, however, inhabit all the main terrestrial ecosystems, at least of Britain (Thomas 1984 (Thomas , 1986 . Within these biotopes, their larvae collectively occupy niches in all the main seral stages apart from ancient rotting (saproxylic) trees (figure 8). Although the majority of species in most insect taxa inhabit the mid-successional stages of seres (e.g. Morris & Plant 1983) , these are currently the least threatened types of natural habitat, and hence species, in Britain and much of the developed world (Thomas & Morris 1994) . Instead, disproportionately high losses are reported from each extreme of the seral spectrumthe very early and very late successional stages (figure 8). Apart from saproxylic species, which butterflies do not represent at all, their distribution matches that of most insect taxa, with the highest species-richness in the mid successional stages of woods, heath, fen and grassland, but with adequate representation in the threatened earliest stages (figure 8).
Within these narrow niches, all but the socially parasitic butterfly species are herbivores, although perhaps a third of species are also facultative or obligate myrmecophiles, whose persistence requires a certain density-and in some cases genus-of ants to coexist with their food plants. In theory, species with more specialized traits are more sensitive to environmental change (Pimm & Lawton 1977; Pimm 1991; Lawton 1995) , and indeed both world and regional RDB list a disproportionately high number of myrmecophiles, both within the lists of butterflies (Pierce et al. 2002) and among insects as a whole (Thomas & Morris 1995) . Thus, butterflies are good representatives of other myrmecophiles, which account for at least 10% of the world's insect species (Elmes 1996) . In addition, about half the British butterfly list can be classed as generalists and about half (including all but one of the myrmecophiles) are more specialized herbivores (Pollard & Eversham 1995) .
In theory, phytophagous insects are less sensitive to environmental change than specialists, such as exploiters of rotting wood, many carnivores and (especially) insects with parasitic life-styles (Pimm 1991) . Parasitoids, which may eventually account for 40% of all insect species, are potentially the most vulnerable of all insects to change (Hochberg & Ives 2000) , but are too poorly described to assess critically. However, the social parasites of ants (comprising perhaps 20 000 morpho-species; Thomas et al. in press) dominate insect RDB lists (Thomas & Morris 1995; Pierce et al. 2002) . Only 2-3% of the global butterfly species are social parasites: the (phytophagous) majority, judged by life-style, are more likely to under-represent losses in non-herbivorous terrestrial insects than to exaggerate them. It is perhaps telling that the two other well-recorded insect groups, each of which has a more complex lifestyle than a typical butterfly, have higher recorded extinction rates in Britain: carnivorous aquatic (dragonflies) and social terrestrial (bumblebees) ( §5d, see figure 10c ).
(c) Are British butterflies unusually sensitive to climate change? Most British butterfly species reach their northern climatic limit of range at some point along the 4 8C summer gradient between the warmest and coolest available latitudes and altitudes (Dennis 1993; Thomas 1993;  figure 9 ). Although several species are also confined to warm micro-habitats near these limits, British butterflies, as a group, are not atypically thermophilous. It is the immature, not adult, stages that define climatic constraints on insects (Thomas 1991; Dennis 1993 ) and distribution maps show that slightly higher proportions of aculeate Hymenoptera and Orthoptera species than butterflies are restricted to the warmest regions of Britain; moths and dragonflies are similar to butterflies, whilst staphilinid beetles and woodlice are less confined to warm spots (figure 9 from Loder 1990; Thomas 1995) . Furthermore, owing to recent climate warming, those butterfly species that are thermophilous experienced population increases rather than losses in Britain which frequently mitigated the effect of habitat degradation (Parmesan et al. 1999; Roy et al. 2001; Warren et al. 2001) . Only four of the ten most rapidly declining butterfly species could be classed as thermophilous: the majority include alpine species . I therefore reject the argument that butterflies show exaggerated declines because they are 'mostly warmthloving' (Hambler & Speight 2004) .
(d) Recording artefacts and butterfly extinction rates The fact that butterflies show higher rates of extinction in RDB lists than those reported for more obscure taxa (Hamber & Speight 2004) can be attributed to an artefact of recording. It is widely accepted that comparisons between the proportion of species believed to have become extinct in different taxonomic groups will be biased if the groups being compared experienced different levels of past recording . This occurs because the early species' lists for under-sampled groups contain a disproportionately high representation of common widespread species (Gaston et al. 1995) and it is the rare and local species in a taxon-which tended not to have been recorded in the first place-that are especially prone to extinction . McKinney (1999) quantified this artefact between six groups (mammals, birds, molluscs, crustacean, insects and marine invertebrates) and obtained a strong correlation between the proportion of species recorded as being globally extinct against the proportion of species that was estimated to have been discovered (r 2 Z0.82). We can now test this argument on various groups of British insect, using the RDB and other data sources (figure 10). First, as Gaston et al. (1995) found in North America, the dates of discovery of individual British butterfly species are strongly correlated with their range sizes (and hence abundance, figure 1b) , with the common widespread species being found first ( figure 10a ). In addition, despite a small sample size, the five species that later became extinct in Britain were all among the rarest species (figure 10a: mean range size of extinct speciesZ79G38 occupied 10 km squares cf. 935G100 occupied 10 km squares for persistent species; pZ0.000). Thus, if the main Phil. Trans. R. Soc. B (2005) discovery period of British butterflies had occurred 200 years later, we would be unaware today that three of the five extinct species had ever been lost to the British fauna, because they would never have been recorded as indigenous species before their extinction occurred.
The history of the recording of other British invertebrates (apart from dragonflies and bumblebees: Thomas & Morris 1995) shows that typical discovery rates did indeed lag at least 200 years behind that of the butterflies, as demonstrated by the accumulation curves for four taxa in figure 10b . We can therefore apply McKinney's (1999) theoretical comparisons of the relationship between the incidence of recorded extinctions and the level of discovery in a taxon by plotting the proportion of the British list considered to have become extinct in each of 11 insect groups by the late twentieth century against the proportion of species in recent lists that had not been discovered by around 1900. Figure 10c , which represents change in 9.2% of all known British insect species plus spiders, shows a similar relationship to that of McKinney (1999) , indicating that for groups in which 'only' 90% of species had been listed a century ago recorded national extinction rates were less than half those of groups in which 100% of species had been known. Given the rigour of early butterfly recording in Britain, their documented declines were not unusual .
(e) Other indicator groups in terrestrial neotropical ecosystems While still relying much on butterflies, Brown (1991 Brown ( , 1995a has made successful broad-brush assessments of change over three decades in Brazilian rain forests using inventories of additional 'colourful, conspicuous, easily observed, highly diversified ecologically, and habitat-restricted' taxa, including selected groups within the Odonata, Heteroptera, Coleoptera, Diptera and Hymenoptera. Following 25 years of practical experience, Brown (1991 Brown ( , 1996a was able to score each group against a list of 12 key attributes: taxonomic and ecological diversification; fidelity of species to narrow niches; low vagility; endemism; ease of identification; conspicuousness; ease of sampling; biologically well-studied groups; damped fluctuations; sensitivity to perturbation; contribution to ecosystem function and association with other species. He concluded that Heliconiini and Ithomiinae butterflies along with ants, selected Odonata and certain beetle groups (carabids, scarabs, etc.) were the most useful indicators for locating biodiversity hotspots and for measuring change, being marginally superior to most other butterflies, Hymenoptera, isopods and Collembola. Hemiptera, Homoptera, sphingid moths and bait-attracted nymphalid butterflies all scored low as indicators. Spector & Forsyth (1998) independently make a strong case for using scarab (dung) beetles to assess neotropical biodiversity. My own assessment of Brown's (1991) elevates ants above the rest, because he took small account of the ca 100 000 (often specialist) myrmecophilous insect species that depend on them (Elmes 1996) , or of the dominant keystone role played by ants in shaping characteristic communities of plants and other organisms at their scale (Huxley & Cutler 1991) .
FRESHWATER INVERTEBRATES
I have noted that freshwater invertebrates may have experienced greater declines than terrestrial species (Master et al. 2000) and that butterflies cannot be used as indicators of them ( §5). Fortunately, the demand for a sustainable supply of clean water for human use has resulted in large resources being spent in developed countries to monitor the quality of natural waterbodies, and one of the most sensitive indicators available has proved to be their macro-invertebrate communities . Although developed as a biodiversity indicator to promote human health, for example to meet the EU Water Framework Directive target of 2006, current schemes that generate indexes based on freshwater invertebrates exist throughout Europe, the USA, Canada, Australia and New Zealand, and could be extended to monitor change in biodiversity per se (Wright et al. 1993) , including to assess the goals of the 2010 Johannesburg summit.
The assumption in current schemes is that a strong correlation exists between the quality of water and the richness of the invertebrate community that it supports. Of course, the baseline communities vary with geography and according to local physical and chemical features, and the starting point in every scheme is to classify the variety of pristine communities found throughout the geographic region (often nation) to be monitored. Thus, RIVPACS (River InVertebrate Prediction And Classification System), developed initially for British waters, had two main objectives: to develop a biological classification of the unpolluted running-water sites of the country based on the macro-invertebrate fauna; and to assess whether the macro-invertebrate community at a site could be predicted using physical and chemical features (Wright 2000) . The original 268 unstressed reference sites selected across Britain demonstrated a strong relationship between environmental features and faunal characteristics (Wright 1994 Figure 9 . Summer isotherms and the distributions of butterflies, Orthoptera, Odonata and staphilinid beetles using smoothed species-richness data from BRC mapping schemes (from Loder 1990; Thomas 1995). predicts, from the physical environment, the macroinvertebrate community expected for any site if it were in an unstressed condition, and compares that prediction with the observed community found on the site, thereby generating an index of its ecological quality status (Clarke et al. 2003) . Since its initial calibration, the RIVPACS model has been refined (Moss 2000) , extended to new regions, tested and shown to be remarkably robust (Clarke 2000) .
The RIVPACS technique has been applied across Britain to assess changes in invertebrate communities, and hence water quality. About 6000 river sites are sampled for 640 'species groups' representing 121 families of macro-invertebrate, on a 3 year rotation of 2000 sites sampled in both spring and autumn each year. Unlike the terrestrial invertebrate schemes, sampling and identification is carried out by professionals employed by Britain's Environment Agency, , r 2 Z0.92, p!0.001. (Filled square) butterflies; (filled circle) other groups: (1) other Macrolepidoptera, (2) spider, (3) weevil, (4) hoverfly, (5) macroBrachyra, (6) ant, (7) dragonfly, (8) grasshopper-cricket, (9) mosquito, (10) bumblebee (from reflecting the large resources available when a biodiversity indicator is directly useful to monitor a human commodity. The British scheme does not require identification to the species level, but many samples are of immature stages and strict quality control is essential. This is provided through an audit in which a random 10% of all samples are checked annually by expert taxonomists employed by CEH (NERC). The recent (RIVPACS IIIC) software package uses statistical simulations to integrate the effects of sampling variation and errors in estimating the environmental predictor variables (both quantified in replicated field studies), and biases due to sample sorting and taxonomic identification errors (quantified from the audit), to provide an assessment of the uncertainty in O/E values, the assignment of sites to quality bands, spatial or temporal differences in O/E values and potential changes in quality bands (Clarke 2000) .
Variations of the RIVPACS approach are employed across Australia (Davies 2000; Simpson & Norris 2000) , Canada (Rosenberg et al. 2000) , the USA (Hawkins et al. 2000; Reynoldson et al. 2000) , New Zealand and in many European countries (AlbaTercedor & Pujante 2000; Johnson & Goedkoop 2000; Verdonschot & Nijboer 2000) . Already, it is incorporated in the EU's Water Framework Directive on the quality and management of rivers and lakes, which will be mandatory for EU nations after 2006. There is, however, variation in the methods employed in different countries. The two main variants involve the standardized technique used to sample, subsample and identify invertebrates, and whether a predictive model or a multi-metric system is used for analysis . In Europe, an EU-funded project (STARSTAndardization of River classification) is engaged in testing the comparability of the biodiversity indices currently being used in 14 nations to assess the ecological quality of fresh water, including the use of diatoms, fish, macrophytes and habitat measures as well as macro-invertebrates (M. T. Furse, personal communication).
The large annual investment in sampling freshwater macro-invertebrates to measure water quality for human use could be exploited (and to some extent has been) to assess change in biodiversity in its own right (Wright et al. 1993; Wright 1994) . A drawback of most current schemes is that taxa are identified to 'species groups' or families; only in a few counties, for example Germany and Austria, is identification to the species level (J. Davy-Bowker, personal communication). There appears to be considerable potential for conservation agencies that require more sensitive indicators of change to measure 2010 targets, to capitalize on the existing infrastructure by subsampling to identify to species level the annual and past (stored) samples collected by water agencies.
In contrast to the situation for vertebrates, butterflies and plants in some regions, there are no nationally reliable recording schemes for freshwater invertebrates which can be used to estimate longterm (i.e. 20C years) changes in species' frequency and distribution. However, one approach that could be used in regions like Great Britain, where RIVPACS models have been developed, is to compare the ratio of the current observed frequency of occurrence of any particular taxon (family, genus or species) in the country obtained from national surveys with its expected total frequency of occurrence in the absence of any environmental stress as predicted from the RIVPACS model applied to each of the survey sites (i.e. summing the site-specific expected probabilities of occurrence; Clarke, in preparation).
CONCLUSIONS
The unexpected observation that insects (represented by butterflies) have experienced greater recent extinction rates than birds or plants ( increases the pressure on conservationists to monitor this difficult group. Unfortunately, although the described species of insect, freshwater and terrestrial arthropod comprise more than half of all organisms known on Earth, probably less than a third of the existing morpho-species has been found. And despite Brown's (1991 Brown's ( , 1996a repeated inventories in Brazilian rain forests, for roughly 99.9% of the world's known species of insect there is no scientific process that currently measures change with the rigour that is required to report against the 2010 target for sustainable development. Those schemes that do exist are largely restricted to prosperous developed nations, where biodiversity is typically low. Five years is too short a time to obtain meaningful results from extending tested schemes to new regions and taxa, so my conclusions focus briefly on providing a structure beyond the next decade.
In all ecosystems, the use of indicator groups is inevitable if generalizations are to be made about trends in insect biodiversity and abundance. In the terrestrial neotropics, research is urgently required to determine the priorities to be placed, when compiling inventories, on the various indicator groups recommended by Brown (1991 Brown ( , 1996a and Spector & Forsyth (1998) and also to devise simple, tested methods to convert inventories from the mere listing of species to the measurement of population sizes.
In temperate countries, there is an over-dependence on monitoring butterflies, even though, having examined their life-history traits ( §5b), relative sensitivity to climate change ( §5c) and adjusted extinction rates ( §5d), I conclude that they are sufficiently representative of all except saproxylic groups to be employed and are the only invertebrate taxon for which it is currently possible to estimate rates of decline among terrestrial insects in many parts of the world . To obtain useful measures of range change using butterflies (or other groups), full atlas surveys should be repeated at intervals of 10-20 years, with regular checks by plotting accumulation curves that nearsaturation levels of recording have been achieved in all sub-areas and by taking particular care to measure recorder effort if surveys are likely to be incomplete (see supplementary material in Warren et al. 2001; . Time-series of adult butterfly population changes, using standardized repeated transects, should also be established across the developed world and, wherever feasible, in primary ecosystems. The UK butterfly mapping and monitoring schemes both grew from very humble beginnings, and the current level of support, which was unimaginable 30-40 years ago, was generated largely by the enthusiasm of the volunteers who undertook early recording. In my view, it will be possible to repeat these successes in many other nations, as has already been demonstrated in parts of Europe. To be successful, however, it is essential to have a well-funded institutional group to organize data gathering and to collate and analyse the results, as well as a determined leader to establish each scheme at the outset.
These comments apply to the mapping and monitoring of other insect taxa in the UK and comparable nations. Current mapping schemes for several groups in the UK are more advanced than was the case for butterflies around 1970 and, with concerted promotion (and a forceful leader), could achieve equally useful results. I recommend priority be placed on Odonata (dragonflies and damselflies) as conspicuous representatives of aquatic carnivores, bumblebees (social insects), hoverflies (mainly terrestrial or wetland carnivores) and ants (social keystone species supporting many myrmecophiles). I also recommend that the ability of transect counts to monitor genuine population change in adult Odonata, bumblebee and hoverfly species be tested as rigorously as was the case with butterflies (Pollard et al. 1975; Pollard 1977; Thomas 1983a) . If this key assumption is confirmed, similar schemes to the BMS should be established to generate time-series of population changes in those taxa. As with butterfly monitoring beyond the UK, it is not essential that every species be included in these schemes: groups containing confusing or cryptic species can be omitted. No current scheme monitors the fate of saproxylic insects: until adequate methods are developed, I recommend that the entire resource of this important, but localized, ecosystem be monitored.
Finally, declines in freshwater ecosystems may be more severe than in terrestrial or marine ones (Master et al. 2000; Anon. 2003) . I strongly recommend that those authorities responsible for the supply and quality of water in all nations apply the same methods of using invertebrate diversity to measure water quality that are currently employed across Europe, North America and Australia. I recommend that conservation organizations capitalize on this infrastructure to use existing schemes to monitor change in invertebrate biodiversity per se.
